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(57) ABSTRACT
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METHODS AND SYSTEMS FOR
SELF-TUNING PERSONALIZATION
ENGINES IN NEAR REAL-TIME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.

No. 16/513,668, filed Jul. 16, 2019, which claims the benefit
of U.S. Provisional Application No. 62/698,719, filed Jul.

16, 2018, both of which are incorporated herein by reference
in their entirety.

I. TECHNICAL FIELD

The present invention relates to filtering and classification
of data. More specifically, the present invention relates to
filtering and classitying data used as a component in artifi-
cial intelligence-based personalization systems.

II. BACKGROUND OF THE INVENTION

At the dawn of the mternet age (early 1990s), one of the
carliest problems was determining how to automate the
process by which mformation was gathered, sorted and
delivered to consumers (or businesses) 1n an eflicient enough
time to use. Information aggregation (first under scarce data
conditions), particularly for news was one of the major
needs for consumers, representing opportunities for imven-
tors and entrepreneurs.

The solutions that emerged were Rich Site Summary
(RSS) and other content syndication-based tools combined
with search algorithms. These solutions enabled news por-
tals such as Yahoo, MSNBC and CNN or new software and
new media firms such as Google News, Flipboard, and
Microsoit News (now Bing News). The news portal got
larger and larger, requiring greater storage with information
having been aggregated from many other sites, plus the news
that was created and sourced by the news portals themselves.
This massive amount of imformation required more time to
find the information that one was interested in finding.

In addition to the news portal sites, individual and small
group sites became more accessible due to their availability
online and by using the new news search technology pro-
vided by sources such as Google. Over the last decade, this
model continued with many perspectives and sentiments and
sources democratized by the new search technology that
frequently placed large portal content on the same results
pages as niche and fringe sites.

Continuously adding to the total amount of information
available had caused new problems to arise, most centered
around information overload. Common search solutions are
not adequate, largely because they assume the user knows
what to explicitly search for, and because search technolo-
gies don’t know the user and cannot learn.

Conventional solutions primarily include two approaches:
recommendation engines and social referral models (.e.,
friends and contacts refer content to each other). As cur-
rently implemented, these two solutions are largely respon-
sible for fake news, spam, and other noise permeating media
channels.

III. SUMMARY

(G1ven the atorementioned deficiencies, a need exists for
optimizing top-performing personalization engines. More
particularly, what 1s needed are tools to customize the
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2

personalization engines to recommend more transparent
results and for individual consumers to be able to provide
fine grain tuning of the personalization engine. Additionally,
systems are needed to provide such recommendations and
fine tuming substantially in real-time (1.¢., near real-time).

In certain circumstances, an embodiment of the present
invention provides a computer system for personalizing
website content configured for delivery to a user. An exem-
plary system includes a graph database for storage of data (1)
representative of the user’s interaction with existing content
presented on the website and (1) indicative of content
entities of interest to the user, the data being stored as nodes.
Also imcluded are one or more personalization engines
configured to analyze relations between one or more pairs of
the nodes, each analyzed relation creating a respective link,
and a structure of each of the links being a function of the
user’s interaction with the existing content. The one or more
processors are configured to personalize new content for
presentation to the user and a portion of the new content 1s
(1) derived from one of the respective links and (11) delivered
to the user 1n near-real time when a type of the first link 1s
within a first category.

A suitable online platform, such as a dynamic news
website, 1s populated with relevant multimedia content of
interest to a consumer or user. This content 1s correlated with
weighted maps or histograms of related nodes or entities and
the relations in between. These maps are used to create and
adjust profiles associated with the user’s content 1interaction
activity. The resulting user related maps are stored 1n a
database, such as a graph database, where existing entity
weights are adjusted, and where new weighted entities are
added based upon the user’s continued interactions.

The nodes and entities are individually analyzed, includ-
ing their associated data, for an estimate of relevant value of
cach word to a given consumer. The results are the 1ndi-
vidual’s mtent profile, which continues to evolve over time
as additional information 1s added to it.

Concurrently, a database of documents 1s analyzed on a
standalone basis: either via scraping websites for articles,
RSS feeds or other text delivery internet methods. These
documents are likewise parsed, and entities extracted in the
creation of a profile of each document. The profiles for each
document are then compared against the consumers profiles
and are ranked based on similarity or using more advanced
techniques such word distance.

Embodiments of the present invention then permit the
data to be collected 1n the profile substantially 1n real-time.
Further, the data can be presented and viewed and then
edited with the ability to determine the intensity and the
sentiment—Irom negative—to positive, with neutral 1n
between. The updated data 1s saved into the profile, thereby
impacting the relevancy of the ranking for the content to be
recommended. In the embodiments, the profile 1s being
constantly updated via passive information as the user
searches and interacts with content and commerce. This
inferred approach impacts the profile but the individual
weightings are not as great as the results of user selectable
fine tuning.

Additional features, modes of operations, advantages, and
other aspects of various embodiments are described below
with reference to the accompanying drawings. It 1s noted
that the present disclosure 1s not limited to the specific
embodiments described herein. These embodiments are pre-
sented for illustrative purposes. Additional embodiments, or
modifications of the embodiments disclosed, will be readily
apparent to persons skilled in the relevant art(s) based on the
teachings provided.
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IV. BRIEF DESCRIPTION OF THE DRAWINGS

[lustrative embodiments may take form in various com-
ponents and arrangements of components. Illustrative
embodiments are shown in the accompanying drawings,
throughout which like reference numerals may indicate
corresponding or similar parts 1n the various drawings. The
drawings are only for purposes of illustrating the embodi-
ments and are not to be construed as limiting the disclosure.
Given the following enabling description of the drawings,
the novel aspects of the present disclosure should become
evident to a person of ordinary skill in the relevant art(s).

FIG. 1 1llustrates an example graph database structured to
form a content personalization model 1 accordance with
embodiments of the present invention.

FIG. 2 1illustrates a more detailed view of the personal-
ization model graph database illustrated in FIG. 1.

FIG. 3 illustrates a more detailed view of the content
personalization model graph database of FIG. 2 in accor-
dance with the embodiments.

FIG. 4 illustrates a further detailed view of the content
personalization model graph database of FIG. 3.

FIG. 5 1s a tabular 1llustration of example personalization
types mapped with the personalization engines depicted in
FIG. 4.

FIG. 6 depicts an example profile of interest DNA
(PIDNA) user interface tool constructed 1n accordance with
the embodiments.

FIG. 7 illustrates an example summary of a user’s per-
sonalization profile created 1n accordance with the embodi-
ments.

FIG. 8. illustrates a sample use case of an example slider
interface tool permitting a user to fine tune the summary
depicted 1n FIG. 7.

FIG. 9 illustrates another sample use case of the shider
interface tool depicted 1n FIG. 8.

FIG. 10 1s a flowchart an exemplary method of practicing,
an embodiment of the invention.

FIG. 11 illustrates one example of a non-generic computer
system configured for implementing the embodiments.

V. DETAILED DESCRIPTION

Prior to discussing the drawings of the present disclosure
at length, several terms and concepts are covered 1n order to
tacilitate the detailed description of the exemplary embodi-
ments depicted 1n the drawings. It 1s noted that however that
these terms and concepts do not limait the disclosure and that
one of ordinary skill in the relevant art(s) will readily
recognize modifications and changes applicable to the fol-
lowing ancillary systems and/or concepts that do not limait
the scope of the present teachings.

The embodiments include (or assumes the presence of) a
personalization or recommendation engine (the terms are
used inter changeably throughout). The personalization
engine uses artificial intelligence (machine learning) in the
area of textual analysis to 1dentify the media with which one
interacts (scrolls, clicks or and includes other personal
information). Once the media document that 1s interacted
with 1s 1dentified, a text parser 1s used to separate the words.
The words are then fed into an entity extraction applica-
tion—which 1dentifies the major entities (mostly proper
nouns) by comparing the parse text against a dictionary
(database) of proper nouns/known entities.

In the embodiments, a consumer using the system will be
able to directly customize the personalization system, alter-
ing the recommendation results via an interface for the
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mampulation of data that 1s being accumulated on the
consumer, 1 near real-time. Additional embodiments pro-
vide customization ol the personalization process by not
only type or kind, but also by degree or intensity of like or
interest. The results of the customization immediately
impact the ranking of the content or commerce oflering that

1s recommended to the user, 1n essence being real-time, or

near real-time.

Additionally, embodiments of the present invention pres-
ent a new way ol transforming and displaying a personal-
ization profile for the ease of data management and to
provide an easier viewing and comparing format for mobile
devices.

FIG. 1 1illustrates an example graph database 100 struc-
tured to form a content personalization model 1n accordance
with embodiments of the invention. In the embodiments
described herein, the graph database 100 stores and maps
structures (1.¢., nodes and links) that define queries and
relationships that are interconnected represent the user’s
content related interests.

The structures stored and mapped 1n the database 100 also
define the type of information that can be stored 1n the graph
database 100 and the corresponding functionality that can be
extracted therefrom. This information and functionality are
fundamental to creation of the personalization models
described below. The graph database 100, and personaliza-
tion models derived therefrom, provide several ultimate user
implementation benefits. Among these many benefits are
providing interactive website content personalization and
customization. Dynamic news websites are merely one
example of where these user benefits can be realized and
appreciated.

In FIG. 1, each of the circles shown 1s a node representing,
key objects being tracked when performing personalization.
By way of example only and not limitation, among the
categories of nodes in the graph database 100 are user 102a,
source 1025, article 102¢, organization 1024, category 102e,
topic 102/, etc. The lines (i.e., links) between the nodes (and
their corresponding arrows) are relations that represent an
understanding of how the nodes relate to each other. These
links, such as link 104 between the user 102a and the source
1025, are developed and created 1n near real-time, as the user
102a interacts, as one example, with an interactive person-
alized news website.

In the illustrious embodiments, the links can be created
based on the user’s explicit actions, as well as the user’s
implicit behaviors. For example, to begin the personalization
process, a sample personalized news website, referred to
herein as “slim-spider” (not shown) may ask the user one or
more questions, such as “do you like this particular news
source,” “do you believe this article was useful?” The user’s
responses to these, or similar questions, represents the user’s
explicit actions. Slim-spider’s personalization engines also
monitor the user’s implicit behaviors, such as specific links
the user clicks on to read the article and/or the particular
source of the link and article. User explicit actions and
implicit behaviors are discussed in greater detail below.

For example, the website’s personalization engine may
observe the user routinely chooses a particular source, such
as USA Today, which for filtering purposes, the user will not
be asked “do you like this?”” Alternatively, the personaliza-
tion engine may observe that the user never clicks on USA
Today, or they tend to filter USA Today. These, or similar
actions, represent the user’s implicit behaviors. These are
the types of explicit actions and implicit behaviors that
create the links between users, between topics, between
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articles, or between various iterations thereof. Consider the
following detailed example shown 1n FIG. 2.

FIG. 2 1illustrates a more detailed view 200 of the graph
database 100 illustrated in FIG. 1. In the example depicted
in FIG. 2, the user 102a logs into the sample Slim-Spider
website and clicks on the article 102¢ related 1 part to
President Donald Trump. More specifically, for purposes of
illustration, the title of the article 102¢ 1s “Peace Talks with
North Korea Planned,” and the source 10254 of the article 1s
“USA Today.” When the user 102a clicks on a hyperlink on
the Slim-Spider website for the article 1025, several things
happen.

Once the user 1024 clicks the hyperlink, the personaliza-
tion engines (discussed in detail below) imitially create a
tairly weak link (1.e., the relation 104) between the user 102a
and the USA Today source 1025. The link 104 between the
user 102a and the source 1025 1s captured in the database
100 by a numerical value, or floating-point number, between
zero (0) and one (1). In the present example, assume a small
numerical value such as 0.0001 (not shown) 1s assigned to
represent a strength or weighting of the relation 104. Addi-
tionally, the length of lines between a category and a topic
may also be indicative of the level of interest or strength. For
example, the relatively long line between the category 102e
(politics) and the topic 102/ (Trump) indicates a high
numerical value, and correspondingly higher weight of
member of link 214.

In this manner, the relation 104 1s referred to as “inter-
ested_in” personalization link 229, having a dark gray (user
implicit) box in FI1G. 2. The dark gray box corresponds with
the user 1implicit engine 238, shown to the rnight, and dis-
cussed 1n more detail below. The “interested 1n” link 229
enhances the connections and visualizations captured in the
graph database 100. Specifically, the interested_in link 229
depicts a type of weighting represented by the numerical
value of the relation 104 conveying “we noticed that you
clicked on the article 102¢,” in response to the mmplicit
behavior of the user 102a.

In addition to the “interested_1n” link 229 (relation 104),
a link 106 1s established between the source 1026 (USA
Today) and the article 102¢ (Peace Talks with North Korea
Planned). Thus, the developing personalization of the
sample Slim-Spider website now has two relations: 104 and
106. Part of the process for completing the personalization
includes the personalization engine performing textual
analysis on all the articles 1t collects and that users may
ultimately end up reading.

Tracking of the nodes and creation of the links 1s the heart
of a first portion of the personalization process—initiated by
the user’s interaction (e.g., user explicit actions and implicit
behaviors). The first portion occurs while the user 1s online
and 1n near real-time and involves the use of several per-
sonalization engines. A second portion of the personalization
process occurs afterwards, ofl-line. The second portion also
includes the combined functionality of several personaliza-
tion engines. More specifically, separately and indepen-
dently, occurring after the user 102a has concluded their
current Slim-Spider web session, several processes continue
to run on the website ofi-line.

The ofl-line processes collect information covering a
variety of diflerent topics. In furtherance to the user 102a’s
explicit actions and implicit behaviors. These processes,
triggered by the user’s now concluded web session, attempts
to understand the user’s actions and behaviors that occurred
during the web session, more deeply. These processes also
seek to 1dentify users similar to the user 102q and 1dentily
articles similar to articles the user 102q interacted waith.
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In FIG. 2, ofi-line processes occur on multiple levels and
collect articles and other information on topics such as
Trump, bit coins, sports, cars, etc. The collections occur
using topline sources, and watches to define additional
relationships. By use of the term topline sources, the per-
sonalization engines go to all topline news sources and
attempt to capture every new available article on each topic.
Watches represent criteria people establish to watch for a
specific trend, such as politics, sports, or similar.

In addition to capturing each new article from the topline
news sources, the sample Slim-Spider news website per-
forms content queries on those topics or watches (i.e.,
criteria) the user has created. Accordingly, the news website
will specifically seek “Trump” and “Lebron James™ related
information. In addition to new information that emerges on
Trump and Lebron James, there 1s an ongoing historical
backiill that occurs on those trends. An additional feature
permits searches of older articles about Trump and Lebron
James via a calendar control that enables searching for any
terms, back to a specific year and day. The purpose of such
a search would be to determine what articles appear, for
those particular terms, the specific year and day specified.

In the example of FIG. 2, one of the personalization
engines that conducts the separate and independent pro-
cesses discussed above 1s compute engine 230 (e.g., light
gray background). The compute engine 230 performs com-
putations necessary to define relationships and links that are
stored 1n the graph database 100 during the off-line pro-
cesses above. In the illustrious embodiments, the compute
engine 230 1s the primary news gathering engine and one of
the several personalization engines that combine function-
ality to provide content personalization. Every article a user
will encounter 1s eventually analyzed, at some level, by the
compute engine 230. That 1s, whenever a user queries or
interacts with a new article, the compute engine 230 adds
that article to the database 100. Subsequent to storage 1n the
database 100, the links created by the compute engine 230
are only computed once and are not re-computed, or revised,
by the compute engine 230.

In the example ol news websites, such as the sample
Slim-Spider, there are several types of ofl-line processes that
are computed 24/7. Within the context of content personal-
ization, the compute engine 230 essentially collects new
articles related to the user’s Slim-Spider web sessions and
adds them to the graph database 100. When a new article 1s
received, such as the article 102¢ (Peace Talks . . . ) the entity
extraction feature, performed by the compute engine 230,
determines that the Trump 1s a topic related to the article
102¢ (Peace Talks . . . ). An ““1s about™ link 2104 1s calculated
between the article 102¢ and politics category 102e. The
strength of the *““1s about” link 1s also immediately calcu-
lated—on the spot, 1n near real-time. As noted earlier, these
calculations determine relations between topics and articles
and are only performed once, in the absence of human
intervention.

An analytics engine 232 (e.g., zigzag pattern), also shown
in FIG. 2, performs calculations that determine relations, or
similarities, between users. The analytics engine 232 per-
forms 1ts calculations during certain times of the day, several
times per day, or several times per week, etc. The analytics
engine 232 analyzes all news articles collected by the
compute engine 230, and that are sequentially stored in the
graph database 100, to determine how the articles relate to
cach other. The analytics engine 232 analyzes the articles
independently and within the context of the explicit actions
and 1mplicit behaviors of users interacting with the articles.
For example, the analytics engine 232 may evaluate the
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explicit actions and implicit behavior of one user and
compare those actions and behaviors with several other
users and analyze other factors to determine similarities, the
users.

An analytics cycle engine 234 (e.g., vertical line pattern)
also computes, among other things, links representing user/
user similarities and article/article similarities. These links
are used for specific types ol recommendations and are
recomputed as 1Irequently as possible. A fundamental
assumption behind the analytics cycle engine 234 1s that the
user 102a (any user) would consider a recommendation
from another user, similar to themselves, to be relevant. The
greater the similarities between the other user to the user
102a, the greater the relevance the user will give the
recommendation of the other user.

Specifically, in the exemplary embodiments, the analytics
cycle engine 234 can perform computations throughout the
day to analyze data relevant to similarities. For example, the
analytics cycle engine 234 may analyze current interests of
the user 1024, and user 406 and calculate, based on various
factors, how similar those interests are. It may also adjust the
numerical weight, assigned to the corresponding link, sev-
eral times per day, weekly, monthly. The timeframe of these
calculations 1s variable.

This capability eliminates the shortcomings associated
with conventional approaches that are limited to evaluating,
similarities between users by applying, for example, “five-
star” evaluation systems, “left-to-right” swipe systems,
thumbs-up or thumbs down, and/or “likes.” The conven-
tional approaches provided very little real information (if
any) about the users providing these explicit actions. The
exemplary analytics cycle engine 234 provides a unique
approach to analyzing both the explicit and implicit behav-
1ors of users, and other factors to recalculate the strength of
related links over time, and identify users that are objec-
tively more similar, based on more relevant traits.

A user explicit engine 236 (e.g., horizontal pattern) per-
mits instant action on user explicit actions. A user implicit
engine 238 (dark gray solid color) permits 1nstant actions on
user 1mplicit behaviors. For the user explicit actions and
implicit behaviors, an on-demand function, connected to a
content server, captures the user’s immediate actions and
adds those actions to the graph database 100. For example,
the moment the user clicks on an article or opens a webpage
in a personalization website, or answers a questionnaire, or
likes an article, the user explicit engine 236 or the user
implicit 238 engines respectively calculate a relational link
and adds that calculated link to the graph database 100.

User explicit and implicit links (i.e. created by the explicit
and 1mplicit engines 236 and 238, respectively) are updated
constantly. That 1s, as users continue clicking and interacting
with various articles, those corresponding relations get
stronger 1n near real-time. In FIG. 2, the more articles about
peace talks (article 102¢), or the more articles about Clinton
(article 250) the user clicks on or interacts with, their
corresponding relations will get stronger.

The administrative manual engine 240 (e.g., diagonal
stripe pattern) provides the human intervention mentioned
above; a human 1n the loop concept; a team of administrative
people that might may be able to subtleties or nuances in an
article. These nuances and subtleties may not be recogniz-
able by a computer. The 1dea behind the human in the loop
concept 1s that a human can perhaps over-ride, or tweak, a
recommendation.

Referring back to the compute engine 230, one of the
ofl-line processes 1t performs 1s referred to herein as entity
extraction. During entity extraction, specific elements of the
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article are extracted, such as the names of individuals,
locations, company names, etc. The purpose of the entity
extraction 1s to understand, on a deeper level, the underlying
purpose ol a particular article. An additional ofi-line process
performed by the compute engine 230 1s textual analysis. As
understood by those of skill 1n the art, textual analysis 1s a
technique to analyze the content, structure, and functions of
the messages contained 1 texts or visual images. The
compute engine 230 performs a textual analysis on every
article it collects as a result of articles the user 102a interacts
with either exphcltly or implicitly.

An additional off-line process performed by the compute
engine 230 1s referred to as sentiment analysis. Sentiment
analysis 1s performed for all keywords extracted from
articles 1dentified during the ofl-line processes to understand
whether the article’s sentiment 1s positive or negative with
respect to the keyword. For example, with Trump, this can
be an article that 1s a pro-Trump, or 1t could be an anti-
Trump article. From the standpoint of understanding what
the user’s interests are in the personalization model, 1t may
be important to know whether the user 1s reading pro-Trump
articles or anti-trump articles.

The entity extraction, textual analysis, and sentiment
analysis, performed by the compute engine 230, builds light
gray colored personalization links (relations) 210a-210e
illustrated 1n FIG. 2, which match the background color of
the compute engine 230 depicted mn FIG. 2. Within the
personalization links 210a-210e 1s the *““1s_about™ feature,
provided to establish that a particular article 1s about a given
topic. For example, the “1s_about™ feature may establish that
a particular article 1s about Trump, which 1s a keyword
extracted from the article that aids recognition of what the
article 1s about.

The ““1s_about” feature 1s desirably added to the graph
database 100 to enhance the personalization accuracy of the
database. The accuracy of the database 100 can be enhanced
by recognizing by adding these underlying relations in a
manner similar to the “interested in” feature above. Thus, a
corresponding numerical value would similarly be assigned
to each of the “is_about” links 210a-210e, with respect to a
relation between the depicted articles (Peace Talks . . .
Clinton, and Jobs Report) and the respective topics (Sarah
Huckabee Sanders, Hillary Clinton, and Trump). The
numerical value, noted above, and assigned to each link,
represents the level of confidence 1n the assessment that the
article 1s actually about the topic.

For example, the link 2105 indicates the article 102¢
(Peace Talks with North Korea Planned) “1s_about” the topic
of topic Trump 102/. In reality, the article could be several
paragraphs about North Korea with one sentence about
Trump. In this situation, the “1s_about” link would represent
a very weak relation and would have a correspondingly low
numerical value. If 1t mentions Trump a signmificant number
of times and provides more information about the topic, the
link would be stronger, and its numerical value would
correspondingly be higher.

In addition to the entity extraction, textual analysis, and
sentiment analysis that occurs ofl-line, a team of personal-
1zation administrators (live people) are available 1n the loop
and can manually assist the process, provided by the admin-
istrative manual engine 240. However, this “human in the
loop,” or manual assist, feature 1s optional. As shown in FIG.
2, each of the light gray colored links 210a-210e also
includes a small diagonal stripe pattern portion. As one
example, the link 210a includes a light gray portion 216
corresponding to the compute engine 230. The link 210aq,
however, also includes a diagonal stripe pattern portion 218
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corresponding to the admin manual engine 240. The pattern
portion 218 1s better described below, in the description of
FIG. 3.

FIG. 3 1s a more detailed view 300 of the graph database
200 depicted in FIG. 2. The compute engine 230, also
depicted 1n FIG. 3, at least in-part, creates “related_to” links
212a-212¢, “member_of” link 214, and contra link 220. The
“related_to” links 212a-212¢ establish whether, and to what
extent, one topic might relate to another topic. The mem-
ber_of link 214 determines 11, and to what extent, the Trump
topic 102/ falls within the politics category 102e.

The 1s_about link 210a 1ncludes the larger light gray solid
colored portion 216 and the much smaller patterned (diago-
nally striped) portion 218. This, combined color/pattern
arrangement, in the example of the 1s about link 210aq,
indicates that most of the link 210a, about 85%, was
determined by the compute engine 230. However, about
15% of the link 210a 1s calculated by the administrative
manual personalization engine 240.

That 1s, after the first portion of the calculations are
completed by the compute engine 230, a human, using
another interface via the admin manual personalization
engine 240, adjusts, tweaks, and/or strengthens the under-
lying relationship 210a. These manual adjustments may be
desirable because of the possibility that certain types of
relations can sometimes be hard to determine and/or the
algorithms calculating the link can be prone to error. Addi-
tionally, the user may desire results that are distinctly
different from recommendations and preferences based on
the user’s profile. Specifically, the user may desire contra-
Personalization™.

The contra link 220 includes a mix of calculations from
the compute engine 230 and the admin manual processing,
240 engine, and provides contra personalization. The con-
tra_link 220 1s independent of related_to links (e.g., the link
212¢). While contra relationships are created automatically,
as depicted 1n the example of the contra_link 220, contra
links also permit manual adjustments. These manual adjust-
ments will also generate contra-personalized recommenda-
tions. Thus, automatic and manually adjusted contra recom-
mendations are both possible and part of the embodiments.

Contra-personalization includes recommending articles,
for example, that are outside the sphere of articles the user
would predictably prefer and repeatedly read. Contra-per-
sonalization enables the user to escape their so-called echo
chamber by providing a type of filtering where the user
receives articles from a different perspective or a diflerent
point ol view. Since contra-personalization 1s calculated
primarily by the administrative manual engine 240, humans
can tweak or manually adjust the weights between the links
to enhance their reliability.

As an example, 1n most cases 1t’s probably easy to
automatically compute that Trump and Hillary Clinton are
opposing topics. In some cases, however, it may be diflicult
to determine this fact. In this case, an administrative team
may be able to review the data and construct the link 220,
or tweak 1nitial calculations, or numerical values assigned to
the links, more efiectively than an algorithm. That 1s, a
human may be more effective 1n situations that require
recognition of subtleties or require and exercise of judg-
ment.

Thus, the “1s_about” links 210a-210e, “related_to” links
212a-212¢, “member of” link 214, and “‘contra” link 220,
that include both the solid color and diagonal stripe pattern
background provide a type of multi-factored processing, and
an mtegration of man-machine cooperation. The processing
1s performed by the admin manual engine 240, and the
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compute engine 230 and create a single link between two
nodes. In other situations, mvolving links related to users,
the embodiments can use separate processing engines 1o
create multiple completely independent links (of the same
type) between two nodes, as illustrated i FIG. 4.

FIG. 4 illustrates an even more detailed view (personal-
1ization model) 400 of the graph database view 300 1n FIG.
3, 1n accordance with the embodiments. In FIG. 4, consider
user node 406 and topic node 102¢g. These two nodes are

connected by completely independent “interested_in” links
408 and 410. That 1s, the “interested in” link 408 was

calculated by the analytics cycle engine 234 while the
“interested_1in"" link 410 was calculated independently by the
user explicit engine 236. In other words, “interested_in" 1s
both explicit and recomputed regularly by watching actual
behavior.

The purpose of this type of multi-level processing 1s
because embodiments of the invention, such as the sample
Slim-Spider system discussed above, attempt to separate
what a user says they are interested in from their actual
behavior. Exemplary systems 1in accordance with the
embodiments, such as the personalization model 400, also
attempt to capture decay 1n a user’s interest 1 a topic, or
evolution 1n the user’s behavior.

As an example, five weeks ago and prior to a presidential
clection, user 406 indicated a very strong interest in the topic
102¢ “Sarah Huckabee Sanders™ (1.e., presidential candidate
Donald Trump by extension) by several explicit actions
during a single Slim-Spider web session. For example, the
user 406 gave a thumbs-up, and liked several articles highly
favorable to the topic 102¢ and indicated a S-stars on other
articles. The moment the user 406 took each of these explicit
actions, each action was stored (i.e., mnstantly) in the graph
database 100. Correspondingly, the “interested_in” link 410
was created and a numerical weighting value (assessing the
strength of the interest level of the user 406) was assigned.
A more 1n-depth discussion about instant type personaliza-
tion actions 1s necessary before continuing the discussion of
multi-level processing.

FIG. 5 1s a table 500 of example personalization types
mapped with the personalization engines depicted 1n FIG. 4.
For purposes of discussion herein, a vertical column in the
table 500 contrasts several personalization types 502 with a
horizontal column 504 including personalization engines.
By way of example, the user explicit engine 236 and the user
implicit engine 238 perform instant personalization. The
compute engine 230, analytics engine 232, analytics cycle
engine 234, and the admin manual engine 240 all perform
the intra-session and extra-session personalization, as illus-
trated in FIG. 5.

Instant personalization includes actions that can 1mmedi-
ately be calculated and/or tweaked, from one click to the
next, and can be changed instantly, in real-time or near
real-time. When a user opens a webpage and a clickable
image appears, the moment the user clicks the image, the
server (not shown) processes that action immediately and
stores 1ts corresponding data in the graph database 100.

For example, when the user posts a thumbs up on Face-
book or Netflix, or response to an online questionnaire on
Yelp, or some other page, those user actions are recorded
immediately, and the underlying personalization model
graph database (e.g., the graph database 100) 1s updated. The
very next image the user sees 1s an updated 1image because
the corresponding link 1n the database was updated instantly.
Intra-session and extra-session user actions do not occur
instantly or in near real-time.
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A significant challenge 1n performing real-time personal-
1zation 1s reducing the amount of computing required when
a user clicks on an 1mage or opens a new webpage. The
desire, as with instant personalization discussed above, 1s
that when the user clicks on the 1mage or opens the new
webpage, that the very next thing they see should be
different—that the responses to their actions be instanta-
neous. In reality, because some of the resulting calculations
can be computationally expensive, for example, comparing
one user to other users, or one topic to other topics, these
operations and calculations can be time intensive and expen-
S1Ve.

In particular, some calculations can literally require sev-
cral minutes before an answer can be calculated or recalcu-
lated 1n response to a user action during a web session. It’s
undesirable to have the user waiting several minutes
between clicks, during an active web session, for a new web
page to open. Therefore, during intra-session personaliza-
tion, some processes are designed for “off-line” operation.

For example, the entity extraction, textual analysis, and
sentiment analysis performed by the compute engine 230,
are designed for “ofl-line” execution to facilitate application
of additional processing power. These processes can be
segmented, or sub-divided, into a number of smaller pro-
cesses that can all desirably be completed betfore the user
finishes their current web session or exits an application.
That 1s, before the user clicks away to a new website, the
personalization engines will have created and provided the
user with one or more new recommendations.

Extra-session personalization, as used herein, refers to
calculations performed between a user’s last web session
(e.g., last month, last week, or yesterday) and their current
web session (e.g., today). That 1s, between their last web
session and the next time the user logs on, additional
calculations have been performed by the personalization
engines and one or more new recommendations are ready to
be provided. These tasks can be the most computationally
expensive.

For example, when determining similarities between the
user and other users, the personalization engines may have
analyzed the user explicit actions and user implicit behaviors
of millions of other users that interacted with the same links
as the user of interest, since that user’s last visit, one month
ago. Analyzing such a large number of behaviors and actions
would require an analysis of many different factors 1in a
variety ol categories. As such, the computational and time
requirements to complete the analysis could potentially be
€normous.

User to user similarities are significant, because users may
consider recommendations from users, similar to them-
selves, particularly relevant and weighty. That is, users may
think they are similar to another user, based on one or two
clicks during a web session. However, those one or two
clicks do not reveal any real information about the additional
users. This lack of information can limait the relevance of any
recommendations the user or users may provide.

By way of example, in the exemplary embodiment
depicted in FIG. 4, similarities between the user 102a and
the user 406 can be created via the analytics cycle engine
234 with a relatively high strength and weight using extra-
session personalization. During a current web session, the
user explicit engine 236 and the user implicit engine 238
instantly capture all the interactions the user 102a had with
the articles and other information, and immediately store
that information 1n the graph database 100.

After the user 102a logs out of the web browsing session,
the analytics cycle engine 234 performs similar functions
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(storing user explicit actions and user implicit behaviors)
related to additional users, perhaps millions of additional
users, and up to thousands or millions of other data points.
This analysis 1s performed until the user 102a logs onto the
website (e.g., Slim-Spider) for the next, or ensuing, web
session, perhaps several weeks later.

During this ensuing web session, the analytics cycle
engine 234 creates a similarity link 407 (e.g., vertical
pattern) between the user 102q and the user 406, and
immediately assigns a weighting value. After the similarity
link 407 1s established, any recommendations provided to
the user 102a from the user 406 may carry more relevance
than recommendations from other nodes or entities. Accord-
ingly, any topics the user 406 might be interested in, such as
the topic 102g, may also be relevant to the user 102a.

The multi-level processing example, discussed earlier, 1s
particularly helpful in creating links connecting users to
nodes or other entities. Returning now to the example above.
In that example, the user 406 had a strong interest in the
topic 102¢ Sarah Huckabee Sanders (1.¢., presidential can-
didate Donald Trump) five weeks ago. Four weeks ago,
however, presidential candidate Donald Trump lost the
election. As a result, the user 406 has not clicked a thumbs
up, given a positive swipe, or provided a 5-star rating to any
article about the topic 102¢ within the last four weeks. Nor
have there been any other additional user explicit actions or
implicit behaviors exhibited by the user 406 related to the
topic 102¢ 1n the last four weeks.

Although the user 406 said things and did things four
weeks ago, indicating a strong 1nterest 1n the topic 102g, that
strong interest 1s no longer valid. Additionally, the user
explicit “interested_in” link 410 cannot capture sudden lack
of interest the user 406 1s now expressing toward the topic
102¢, as the user’s 1nterest decays or evolves.

The analytics cycle engine 234 can capture this evolution
in the 1nterests and behavior of the user 406. The analytics
cycle engine 234 can collect more data over several days.
Since the user 406 1s no longer interacting with articles
relevant to Donald Trump, the topic 102g 1s no longer as
relevant 1n terms ol recommendations. Accordingly, over
time, the weight of the link 408 between the user 406 and the
topic 102¢g, will also decay. That 1s, as the user 406 ceases
to interact with articles over time, the analytics cycle engine
234 will detect this diminished level of activity and will
adjust the strength of the corresponding link. The analytics
cycle engine 234 performs these calculations only, once 1n
relation to the link 408 between the user 406 and the topic
102, unless the link 408 i1s tweaked by the user admin
engine 240.

In the exemplary embodiment depicted 1n FIG. 4, just as
the analytics cycle engine 234 performs calculations to
create the similarity link 407 (relating a user to a topic), the
analytics engine 232 (zigzag pattern) may perform calcula-
tions to create a slightly different type of stmilarity link 404
(relating an article to an article). For example, 1n FIG. 4 an
article 402 1s enftitled “Syrian President to Meet Kim Jong
Un 1n North Korea™. For purposes of illustration, assume the
compute engine 230 collected the article 402, as a new
article, one month ago. However, the article 102¢ (Peace
Talks with North Korea Planned) was collected five minutes
ago. In this example, there 1s a separate analytics process
performed by the analytics engine 232, that attempts to
relate all new articles to past articles previously stored in the
database 100.

The separate analytics function, mentioned above, 1s
primarily performed by the analytics engine 232, which
relates and finds relations between new articles based on
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how similar they are in their content, etc. As the analytics
engine 232 begins finding articles using techniques
described above understood by those of skill in the art, 1t
begins recommending articles to the user. Once the similar-
ity link 404 1s calculated, the analytics engine 232 never
attempts to recompute the similarities between those
articles. There may be revisions to the articles that people
post to the website, based on the recommendations. How-
ever, 1n this situation, that revised article will appear as new,
as computed by the compute engine 230. An additional
teature depicted 1n FIG. 4, referred to herein as “read-with”
430 can be used to kickstart calculations of the similarity
link 404, along with a straight comparison of topic overlap.

FIG. 6 depicts an example profile of iterest DNA
(PIDNA) user interface, for example, graphical user inter-
tace (GUI) tool 600, constructed in accordance with the
embodiments. The PIDNA bar 600 provides the user with a
graphical summary of news categories or imnformation cat-
cgories corresponding to the user’s personalization 1nterests.
An adjustments bar 601 enables the user to personalize the
data represented i the PIDNA bar 600 in the various
categories 602. Although the adjustments bar 601 1s depicted
as being associated with the PIDNA bar 600, its portability
can be extended to the broader personalization model 400.

In FIG. 6, the PIDNA bar 600 1s constructed 1n the form
of slivers 602-622, each representing news categories, or
information categories corresponding to the user’s person-
alization preferences. The PIDNA bar 600 provides the user
with a visualization of the user’s interests relative to the
width of the slivers 602-622. Increasing or decreasing the
width of one of the slivers 602-622 changes the relative
interest 1n that category which may translate into more or
tewer articles 1n the category of the personalization model
400. Also, 11 the user reads fewer articles 1n each category,
the corresponding slhiver will automatically narrow. If the
user reads more of a particular category, the corresponding,
sliver will widen.

For example, the PIDNA bar 600 indicates that the user
has significant interests in politics 608, technology 620,
crime 616, sports 606, ctc. Further, tapping directly on a
sliver, such as the politics sliver 608, enables the sliver to
become an 1nterface to perform a category keyword search.
Panning over a sliver may increase the width of the shiver
and reveal additional subcategories and controls. This inter-
face feature, via the PIDNA bar 600, makes the underlying
content personalization model particularly suitable {for
mobile platforms. In another example, a PIDNA similarity
calculation can be performed by the analytics cycle engine
234, comparing similarities between content of the PIDNA
bar 600 of one user (e.g., 102a) to content of the PIDNA bar
600 of another user (e.g., 406) as a further step to establish
objective similarities. Arbitrary cluster membership 1s not
represented here.

The controls may be used to change how the visualization
itself (e.g., from a bar to a pie chart) with a person’s 1image
in the center—with the relative size of the pie wedges based
on the relative interest value as a percentage. Still other
controls may reveal the settings and information collected
from a given website—so a person can see what 1s being
collected and or personalized. Additional controls may
reveal contra-personalization, discussed above, which pro-
vides the user with recommendations that are different or
opposite Irom the user’s typical sentiments, or interests as a
way of avoiding the echo chamber affect or filter bubbles. A
control 640 (e.g., 1con, button, physical switch, etc.) gives
the user an ability to instantly activate or deactivate the
website’s personalization functionality.
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FIG. 7 illustrates an example summary of a user’s per-
sonalization profile 700, created based on the personaliza-
tion model 400 illustrated of FIG. 4. The personalization
proflle summary 700 includes profile entities 702-712 that
roughly correspond to the nodes (10256, 102¢, 1024, 102e,
ctc.), 1llustrated 1n FIGS. 1-4. That 1s, the personalization
profile summary 700 represents a quick look at the actual
entities (1.e., locations 702, orgamzations 704, people 706,
titles 708, sources 712, etc.) that are extracted by the
compute engine 230 from articles the user clicks or interacts
with or may be directly utilizing. These clicks or interactions
occur through the user’s explicit actions or implicit behav-
1071S.

In FIG. 7, the lighter and darker shades represent level,
frequency, or intensity of the user’s interaction: the lighter
shades representing less and darker shades representing
more activity. A solid versus pattern background represents
the user’s positive or negative sentiment about the article. A
completely white background represents neutrality. For
example, 1n the personalization profile summary 700, the
user’s explicit actions and implicit behaviors demonstrated
a slight interest, with positive sentiment (1.e., slightly liked)
in South Aifrica 714 as well as a very strong interest with
positive sentiment (1.e., strongly liked) 1in Jay-Z 716.

The user demonstrated complete neutrality about the
source blogs.wsj.com 720. However, the user strongly liked
usatoday.com 722, but strongly disliked video.foxnews.com
718. Given all users’ unique preferences (1.e., interests,
likes, dislikes, etc.) for various entities (702-712), embodi-
ments of the present invention give the user a unique tool
that provides personalization fine tuning. The embodiments
also provide a method for users to view and consider the
specific factors used in the personalization engines.

FIG. 8. illustrates a sample use case of an example
interface (e.g., GUI) tool 800 that allows a user to fine tune
their personalization profile 700, shown 1 FIG. 7. The
interface tool 800 allows the user to focus on any of the
specific entities 1dentified 1n the user’s profile summary 700
and fine grain tune, or drive the weighting and connections
for the specific entity The user can control whether to see
more of, or less of, the entity 1n future updates of the user’s
personalization. The intertace tool 800 includes a tuning
control 802 (e.g., a slider, a button, a dial etc.) allowing the
user to adjust their entity interest level within a range from
disinterested 806 to interested 808.

The interface tool 800 provides the user the ability to fine
tune how much, or how little, of a specific entity appears in
their personalization profile 700 and their personalization
model 400. By moving the slider left or right, the user
literally adjusts the numerical value (weighting) assigned to
corresponding 1nterested_in links, such as the link 410
associated with the user 406, or the links 229 and 422
associated with the user 102a. In other words, moving the
slider 802 1nstantly aflects the personalization model, espe-
cially for links culminating from the user’s explicit actions
and 1mplicit behaviors.

In example of FIG. 8, the user has chosen to focus on the
specific source entity usatoday.com 722, identified 1n their
profile summary 700 of FIG. 7. If the user moves the shider
802 all the way to the left (disinterested 806), the weighting
numerical value of the associated links 1s decreased. As a
result, the usa.com. source 722 will not appear 1n future
updates to the user’s future personalization models. By
moving the slider all the way to the right (interested 808), the
welghting numerical values are increased. Correspondingly,
the usa.com source 722 will appear with increased frequency
as the user clicks on those topics in the future.
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FIG. 9 illustrates another sample use case 900 of the slider
interface tool 800 depicted in FIG. 8. In FIG. 9, for example,
the user decided to stop seeing all articles from the video-
Joxnews.com source 718. Accordingly, the user moved the
slider 802 all the way to the left, adjusting the weighting
numerical value of the associated link. As a consequence,
the user will no longer receive recommendations of articles
from the source. Unless the user’s implicit behavior alters
the profile over time, indicating the user’s preferences have
changed with an interest in that source, the personalization
1s dynamic and organic. The adjustment tool 800 provides
the user with a unique personalization, customization fea-
ture: the ability to carefully fine tune their personalization
profile not only type or kind, but also by degree or intensity
of like or interest.

FIG. 10 1s a flow chart of an exemplary method 1000 of
practicing an embodiment of the present invention. In FIG.
10, the exemplary method 1000 provides personalization of
a website’s news content to a user beginmng with block
1002, receiving data (1) representative of the user’s interac-
tion with the existing content and (11) indicative of content
entities of interest to the user. Block 1004 includes storing
the recerved data indicative of the content entities of interest
as nodes 1n a graph database, and then analyzing, via one or
more processors, relations between one or more pairs of the
nodes, 1n block 1006. Each relation 1s associated with a link
and a structure of each of the links 1s a function of the user’s
interaction with the existing content. In a block 1008,
personalizing the website’s new content occurs, via the
processors, for a corresponding one of the links when a type
of the link 1s within a first category.

FI1G. 11 illustrates one example of a non-generic computer
1100 configured for implementing the embodiments of the
personalization model 400 depicted in FIG. 4. FIG. 11
depicts a system 1100 that includes an application-specific
processor 1114 configured to perform tasks specific to
providing tools that enable content customization and per-
sonalization. The processor 1114 has a specific structure
imparted by instructions stored mn a memory 1102 and/or by
instructions 1118 that can be fetched by the processor 1114
from a storage 1120. Storage 1120 may be co-located with
the processor 1114 or may be located elsewhere and be
communicatively coupled to the processor 1114 via a com-
munication an interface 1116, for example. The entity and
relation information associated with the nodes and links, and
illustrated 1 FIGS. 1-4, are stored in the graph database
1122 and provide unmique and novel end user benefits,
discussed herein.

The system 1100 can be a stand-alone programmable
system, or 1t can be a programmable module located 1n a
much larger system. For example, the system 1100 can be
part of a server. The processor 1114 may include one or more
hardware and/or software components configured to fetch,
decode, execute, store, analyze, distribute, evaluate, and/or
categorize mformation.

Furthermore, the processor 1114 can include an input/
output module (I/O module 1112) that can be configured to
ingest data pertaining to single assets or fleets of assets. The
processor 1114 may include one or more processing devices
or cores (not shown). In some embodiments, the processor
1114 may be a plurality of processors, each having either one
or more cores. The processor 1114 can be configured to
execute nstructions fetched from the memory 1102, 1.e.
from one of memory block 1104, memory block 1106,
memory block 1108, and memory block 1110.

Furthermore, the storage 1120, the graph database 1122,
and/or the memory 1102 may include a volatile or non-
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volatile, magnetic, semiconductor, tape, optical, removable,
non-removable, read-only, random-access, or any type of
non-transitory computer-readable computer medium. The
storage 1120 may be configured to log data processed,
recorded, or collected during the operation of the processor
1114. The data may be time-stamped, location-stamped,
cataloged, indexed, or organized in a variety of ways con-
sistent with data storage practice. The storage 1120, the
graph database 1122, and/or the memory 1102 may include
programs and/or other information that may be used by the
processor 1114 to perform tasks consistent with those
described herein.

For example, the processor 1114 may be configured by
instructions from the memory block 1104, the memory block
1106, the memory block 1108, the memory block 1110, and
the memory block 1111 to perform operations related to the
compute engine 230, the analytics engine 232, the analytics
cycle engine 234, the user explicit engine 236, and the user
implicit engine 238, respectively. The processor 1114 may
execute the aforementioned instructions from the memory
blocks, 1104, 1106, 1108, 1110, and 1111 and output a data
stream 1136 via the I/O module 1112 by way of an output
1124, such as the Internet.

By way of example, the instructions stored in the memory
blocks 1104, 1106, 1108, 1110, and 1111——configured to
perform the operations of the personalization engines 230,
232, 234, 236, and 238 respectively, are among the features
that contribute to the specific, non-generic, functionality of
the computer 1100. Additionally, the graph database 1122 1s
configured for storage of the specific graph structures asso-
ciated with the nodes and relations that form the personal-
1zation model 400, discussed above and illustrated in the
drawings.

Those skilled 1n the relevant art(s) will appreciate that
various adaptations and modifications of the embodiments
described above can be configured without departing from
the scope and spirt of the disclosure. Therefore, it 1s to be
understood that, within the scope of the appended claims,
the teachings featured herein may be practiced other than as
specifically described herein.

What 1s claimed 1s:

1. A computing device comprising:

at least one processor:
memory storing computer-readable instructions that,

when executed by the at least one processor, cause
the computing device to:

update a graph database for storage of data (1) represen-
tative of a user’s interaction with existing content
presented on a website and (11) indicative of content
entities of interest and disinterest to the user, the data
being stored as nodes;

create a plurality of personalization engines, each of
which uses machine learning analytics to analyze a
plurality of relations between a first node and a second
node, each analyzed relation creating a respective link,
and a structure of the respective link being a function
of the user’s interaction with the existing content,
wherein each respective link contains a plurality of
personalization links relating the first node to the
second node and wherein each of the plurality of
personalization links are associated with one or more of
the plurality of personalization engines;

wherein the plurality of personalization engines person-
alize new content for presentation to the user, and
wherein a first personalization engine captures instant
explicit interactions and implicit behaviors and a sec-



US 11,687,604 B2

17

ond personalization engine captures provides intra-
session and extra-session personalization user actions;
and

wherein a portion of the new content 1s (1) derived from

the respective link and (11) delivered to the user online
and 1n real time when a type of the respective link 1s
within a {irst category

wherein when the type of the link 1s within a second

category, the personalizing of the website’s new con-
tent to the user occurs ofi-line;

wherein the structure includes a numerical value corre-

sponding to a relative weight of the of the user’s level
of interest 1n the respective link; and

when the user ceases to interact with content over time,

one of the plurality of personalization engines will
detect a diminished level of activity and will adjust the
relative weight of the user’s level of interest in the
respective link.

2. The computing device of claim 1, further comprising a
graphical user imterface for displaying to the user a summary
ol a user’s content personalization profile;

wherein the graphical user interface includes a controller

for permitting the user to tune the user’s content
personalization profile associated with the respective
link; and

wherein the user can adjust the relative weight associated

with the respective link, via a slider, to change an
amount of information presented about the respective
link 1n the user’s content personalization profile.
3. The computing device of claim 1, wherein the content
entities of interest include one or more from a group
including a user, an organization, an article, a category, and
a topic.
4. The computing device of claim 3, wherein the person-
alization occurs immediately.
5. The computing device of claim 1, wheremn the first
category 1ncludes at least one of user explicit actions and
user implicit behavior.
6. A computer implemented method for providing per-
sonalization of a website’s new content to a user 1interacting
with the website’s existing content, comprising:
receiving data (1) representative of the user’s interaction
with the existing content presented on the website and
(1) indicative of content entities of interest to the user;

storing the received data indicative of the content entities
of interest and disinterest as nodes 1n a graph database;

analyzing, via a plurality of personalization engines, each
of which uses machine learning analytics, a plurality of
relations between a first node and a second node;

wherein each analyzed relation creates a respective link,
a structure of the respective link being a function of the
user’s interaction with the existing content, wherein
cach respective link contains a plurality of personal-
ization links relating the first node to the second node
and wherein each of the plurality of personalization
links are associated with one or more of the plurality of
personalization engines; and

personalizing, via the processors, the website’s new con-

tent for presentation to the user,

wherein a first personalization engine captures instant

explicit and implicit interactions and implicit behaviors
and a second personalization engine captures provides
intra-session and extra-session personalization user
actions:
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wherein a portion of the new content 1s (1) dertved from
the respective link and (11) delivered to the user online
and 1n real time when a type of the respective link 1s
within a first category

wherein when the type of the link 1s within a second

category, the personalizing of the website’s new con-
tent to the user occurs off-line;

wherein the structure includes a numerical value corre-

sponding to a relative weight of the of the user’s level
of interest 1n the respective link; and
when the user ceases to interact with content over time,
one of the plurality of personalization engines will
detect a diminished level of activity and will adjust the
relative weight of the user’s level of interest in the
respective link.
7. The computer implemented method of claim 6, wherein
the website 1s a dynamic news delivery website.
8. The computer implemented method of claim 6, wherein
the first category includes at least one of the user’s explicit
actions and the user’s implicit behaviors.
9. The computer implemented method of claim 6, wherein
the personalization occurs immediately.
10. The computer mmplemented method of claim 9,
wherein when the type of the link 1s within a second
category, the personalizing of the website’s new content to
the user occurs ofl-line.
11. The computer implemented method of claim 6,
wherein the content entities of interest include one or more
from a group including a user, an organization, an article, a
category, and a topic.
12. The computer implemented method of claim 6,
wherein the one or more processors include at least one from
a group including user explicit and user 1mplicit personal-
1zation engines.
13. A non-transitory computer-readable medium having
stored thereon, computer executable instructions that, 1f
executed by a computing device, cause the computing
device to perform a method for providing personalization of
a website’s new content to a user interacting with the
website’s existing content, comprising:
receiving data (1) representative of the user’s interaction
with the existing content presented on the website and
(1) indicative of content entities of interest to the user;

storing the received data indicative of the content entities
of interest as nodes in a graph database;

analyzing, via a plurality of personalization engines, each

of which uses machine learning analytics, a plurality of
relations between a first node and a second node:

wherein each analyzed relation creates a respective link,
a structure of the respective link being a function of the
user’s 1nteraction with the existing content, wherein
cach respective link contains a plurality of personal-
1zation links relating the first node to the second node
and wherein each of the plurality of personalization
links are associated with one or more of the plurality of
personalization engines; and

personalizing, via the processors, the website’s new con-
tent for presentation to the user, wherein a first person-
alization engine captures instant explicit interactions
and 1mplicit behaviors and a second personalization
engine provides intra-session and extra-session person-
alization;

wherein a portion of the new content 1s (1) derived from
the respective link and (11) delivered to the user online
and 1n real time when a type of the respective link 1s
within a first category;
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wherein when the type of the link 1s within a second
category, the personalizing of the website’s new con-
tent to the user occurs ofi-line;

wherein the structure includes a numerical value corre-

sponding to a relative weight of the of the user’s level 5
of interest 1n the respective link; and

when the user ceases to interact with content over time,

one ol the plurality of personalization engines will
detect a diminished level of activity and will adjust the
relative weight of the user’s level of interest in the 10
respective link.

14. The non-transitory computer-readable medium of
claim 13, wherein the personalization occurs within a cur-
rent website browsing session.

15. The non-transitory computer-readable medium of 15
claim 13, wherein the personalization occurs immediately.

16. The non-transitory computer-readable medium of
claim 13, wherein the second category includes at least one
from a group 1ncluding related-to, 1s-about, member-of, and

contra type links. 20
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